
Ergonomics 
and 
Musculoskeletal 
Disorders 



Ergonomics and 
Musculoskeletal Disorders 
RESEARCH ON MANUAL MATERIALS HANDLING. 1983-1996 
Injuries associated with manual materials handling (MMH) represent the single largest source of losses in 
many industries, costing billions of dollars for workers' compensation, medical care, and lost wages. These 
losses explain why the research directed toward the prevention of MMH-related injuries in the industrial 
workplace has been one of the most active areas of the field of industrial ergonomics. This book contains 61 
of the best papers (selected from 120 candidate papers) from 14 years of HFES Annual Meeting proceedings, 
one of the foremost sources of basic and applied research in this area. 

About the Editors 
Waldemar Karwowski is professor of industrial engineering and director of the Center for Industrial Ergonomics at the 
University of Louisville, Kentucky. He holds an M.S. (1978) in production engineering and management from the Technical 
University of Wroclaw, Poland, and a Ph.D. (1982) in industrial engineering from Texas Tech University. He is a Certified 
Professional Ergonomist. His research, teaching, and consulting activities focus on prevention of low-back injury and 
cumulative trauma disorders, biomechanics , workplace safety and task analysis, equipment design and evaluation, 
human and safety aspects of advanced manufacturing, and theoretical aspects of ergonomics. Karwowski is a Fellow of 
the Human Factors and Ergonomics Society, as well as a member of other professional associations. Karwowski is editor 
of Human Factors and Ergonomics in Manufacturing, co-editor of the International Journal of Occupational Safety and 
Ergonomics, and consulting editor of Ergonomics. 

Michael S. Wogalter is an associate professor of psychology at North Carolina State University. Before joining the faculty 
at NCSU, he held faculty appointments at Rensselaer Polytechnic Institute and the University of Richmond. He has a 
Ph.D. in human factors from Rice University, an M.A. in human experimental psychology from the University of South 
Florida, and a BA. in psychology from the University ofVirginia. Most of his research focuses on hazard and risk perception, 
warnings, technical documentation, complex visual and auditory displays, and human information processing. At 
NCSU, Wogalter teaches courses in research methods, statistics, ergonomics, warnings and risk communication, 
human-computer interaction, and advanced topics in human factors. An active member of the Human Factors and 
Ergonomics Society, he holds the office of secretary-treasurer and is a member of the Executive Council. He has also 
been chair and technical program chair of the HFES Safety Technical Group and Forensics Professional Group and 
is a member of the Society's Technical Program Committee. He holds memberships in several other professional 
organizations, including the Ergonomics Society and Sigma Xi. Wogalter is on the editorial boards of the journals 
Human Factors and Ergonomics. 

Patrick G. Dempsey is a researcher at the Liberty Mutual Research Center for Safety & Health. After receiving a B.S. 
degree in industrial engineering from the State University of New York at Buffalo, Dempsey completed his M.S. and 
Ph.D. degrees in industrial engineering at Texas Tech University. He is a member of the American Society of Biomechanics, 
the Ergonomics Society, the Human Factors and Ergonomics Society, the Institute of Industrial Engineers, and the 
International Society for Occupational Ergonomics and Safety. His research focuses on occupational ergonomics with 
an emphasis on work-related low-back disorders, manual materials handling, and the design and evaluation ofupper-
extremity ililtensive tasks. 

Don't Miss These Other HFES Proceedings Collections: 
Two additional collections of top- ranked research from HFES Annual Meetings are still available: 

Human Factors Perspectives on Warnings: Selections from Human Factors Is 8 N O _ 9 4 5 2 8 9 _ 0 9 - x 
and Ergonomics Society Annual Meetings, 1980-1993 (ISBN 0-945289-
02-2; 1994; $35 HFES members, $50 nonmembers) 

Human Factors Perspectives on Human-Computer Interaction: Selections 
from Proceedings of Human Factors and Ergonomics Society Annual 
Meetings, 1983-1994 (ISBN 0-945289-05-7; 1995; $42 HFES members, 
$58 nonmembers) 9 780945 289098 



© 1997, Human Factors and Ergonomics Society 

ISBN 0-945289 -09-X 

Individual readers of this book and nonprofit libraries acting 
for them are freely permitted to make fair use of the material 
in it, such as to copy an article for use in teaching or research. 
Permission is granted to quote excerpts from articles in 
scientific works with the customary acknowledgment of the 
source, including the author ' s name, the book's title, and the 
publisher's name. Permission to reproduce any article or a 
substantial portion (more than 300 words) thereof, or any 
figure or table, must come from the first-named author of the 
article and from the HFES Publications Department. 
Republication or systematic or multiple reproduction of any 
material in this book is permitted only under license from the 
Human Factors and Ergonomics Society. Address inquiries 
and notices to the Publications Department, Human Factors 
and Ergonomics Society, P.O. Box 1369, Santa Monica, CA 
90406-1369 USA; 310/394 -1811, fax 310/394 -2410. 
In the case of authors who are employees of the United States 
government, its contractors, or grantees, the Human Factors 
and Ergonomics Society recognizes the right of the U .S. 
government to retain a nonexclusive, royalty-free license to 
use the author's copyrighted article for U.S. government 
purposes . 

The opinions and judgments expressed here are those of the 
authors and are not necessarily those of the editors; neither are 
they to be construed as representing the official policy of the 
Human Factors and Ergonomics Society. 
When citing work from this book, please refer to the original 
proceedings publication, as in the following example: 

Gallagher, S., Hamrick. C. A ., & Love , A.C . (1990) . 
Biomechanical modeling of asymmetric lifting tasks in 
constrained lifting postures. In Proceedings of the Human 
Factors Society 34th Annual Meeting (pp. 702- 706) . Santa 
Monica, CA: Human Factors and Ergonomics Society. 

(Note that in 1993, the Society 's name changed to the Human 
Factors and Ergonomics Society.) 

The following HFES proceedings are represented in this book: 

1996, 40th Annual Meeting 1991, 35th Annual Meeting 
1995, 39th Annual Meeting 1990, 34th Annual Meeting 
1994, 3 8th Annual Meeting 1989, 33rd Annual Meeting 
1993, 37th Annual Meeting 1988, 32nd Annual Meeting 
1992, 36th Annual Meet ing 1987, 31st Annual Meeting 

The HFES annua l meeting proceedings are indexed or ab-
stracted in the following publications or services: Applied 
Mechanics Reviews, Engineering Index Annual, El Monthly, 
Cambridge Scientific Abstracts, El Bioengineering Abstracts, 
El Energy Abstracts, Ergonomics Abstracts , ISi Index to 
Scientific & Technical Proceedings, and International Aero-
space Abstracts. This publication is also available on micro -
film from University Microfilms International, 300 N. Zeeb 
Ro ad, Department P.R., Ann Arbor, MI 48106; 18 Bedford 
Row, Department P.R., London WClR 4EJ , England . 

To obtain copies of papers not included in this book, readers 
may: 
1. purchase back volumes (see back page for ordering 

information); 
2. access documents available through the above-listed 

indexing/abstracting services; 
3. obtain a microfilm/microfiche copy through UMI (see 

above), or 
4. order photocopies from HFES at the cost of $7.50 per 

paper ($17.50/paper for rush orders). 

Additional copies of this book may be purchased from the 
Human Factors and Ergonomics Society at $35 per copy for 
HFES members and $50 for nonmembers. Add California 
sales tax for deliveries in California. Discounts apply on 
purchases of 5 or more copies. In addition, a 10% discount 
applies when ordering this book as part of a four-book set of 
HFES proceedings collections. The other three books are: 

Human Factors Perspectives on Warnings: Selections from 
Human Factors and Ergonomics Society Annual Meetings, 
1980-1993 (ISBN 0 -945289-02-2, 1994, $35 HFES 
members, $50 nonmembers) 

Human Factors Perspectives on Human-Computer Inter-
action: Selections from Proceedings of Human Factors and 
Ergonomics Society Annual Meetings, 1983-1994 (ISBN 
0-945289-05-7, 1995, $42 HFES members, $58 nonmembers) 

Designing for an Aging Population: Ten Years of Human 
Factors/Ergonomics Research (ISBN 0-945289 -08-1, 1997, 
$42 HFES members, $58 nonmembers) 

To order the four-book set, send $180 plus $15 shipping/ 
handling and sales tax if applicable to HFES at the address 
above. Orders are accepted with prepayment by check 
(payable to Human Factors and Ergonomics Society), Master-
Card, or VISA. 

Library of Congress Cataloging-in-Publication Data 

Ergonomics and musculoskeletal disorders : research on 
manual materials handling, 1983 - 1996 / edited by 
Waldemar Karwowski, Michael S. Wogalter, Patrick G. 
Dempsey . 

p. cm. 
Includes bibliographical references and index . 
ISBN 0-945289 -09 X (pbk .) 
1. Lifting and carrying. 2. Human engineering . 3. Back --

Wounds and injuries--Prevention . 4. Musculoskeletal 
system- -Wounds and injuries- -prevention. I. Karwowski, 
Waldemar, 1953- . IL Wogalter, Michael S., 1955- . III . 
Dempsey, Patrick G., 1967- . 
T55.3 .L5E74 1997 
620.8'2--dc21 97-31460 

CIP 



Contents 

1983 
Handle Positions in a Holding Task as a Function 
of Task Height (1983, pp . 422-426) 

J. Deeb, C. G. Drury, and K. Begbie 

An Evaluation of Two Methods for the Injury Risk 
Assessment of Lifting Jobs (1983, pp. 279-283) 

D. H. Liles, P. Mahajan, and M. M. Ayoub 

Isometric Strength Test Consistency over Time 
(1983,pp. 790-793) 

Terrence J. Stobbe, Ralph W. Plumme,; 
and Donald P. Shreves 

1984 
Handle Positions and Angles in a Dynamic 
Lifting Task (1984, pp. 600-604) 

Colin G. Drury and J. M. Deeb 

Validity of Isometric Strength Tests for 
Predicting Performance in Physically Demanding 
Tasks(1984,pp . 452-454) 

Andrew S. Jackson , H. G. Osburn , 
and Kenneth R. Laughery, Sr. 

Simulation of Cart Pushing and Pulling 
(1984,pp.447-451) 

Kwan S. Lee, Don B. Chaffin, and Gary D. Herrin 

1985 
Biomechanics and Work Physiology in 
Underground Mining (1985, pp . 521-525) 

J. L. Selan, M. M. Ayoub, J. L. Smith, and J. Peay 

1986 
Human Strength as a Predictor of Lifting Capacity 
(1986, pp.960-963) 

M. M. Ayoub, J. L. Selan, and H. C. Chen 

Note: The original proceedings year and page numbers are 
given for each paper in parentheses. 

6 

11 

15 

20 

23 

28 

33 

iii 

Effects of Posture on Back Strength and Lifting Capacity 37 
(1986, pp. 234-238) 

Sean Gallagher and Thomas G. Babick 

The Effects of Expectation on Trunk Loading 42 
(1986, pp. 91-94) 

W S. Marras, S. A. Lavender, and S. L. Rangarajulu 

Modeling of Manual Handling in Unusual Postures 46 
(1986,pp.225 -229) 

J. L. Selan, M. M . Ayoub, J. L. Smith, H. C. Chen, 
Y. H. Lee, and H. K. Kim 

1987 
Lifting Physical Work Capacity as a Function 
of Frequency (1987, pp. 1331-1335) 

Jeffrey E. Fernandez, Robert J. Marley, 
and Nancy B. Stubbs 

Effects of Lifting in Four Restricted Work Postures 
(1987,pp.462-466) 

Sean Gallagher, Richard L. Unger, 
and E. William Rossi 

Physiological Stresses Associated with Manual 
Handling of Containers of Varied Sizes and Weights: 
A Case Study (1987, pp. 1326-1330) 

Ashraf M. Genaidy, Jorge R. Duyos, 
and Shihab S. Asfour 

1988 
Manual Materials Handling in Unusual Postures: 
Carrying of Loads (1988, pp. 675-679) 

M. M. Ayoub and J. L. Smith 

The Effects of Asymmetry, Load Level, 
Start Position, and Load Velocity on Lumbar 
Motion (1988, pp. 700-704) 

Gmy A . Mirka 

1989 
Safety of Back! What Is the Margin? 
(1989,pp.677-681) 

Shrawan Kumar and Anil Mital 

51 

56 

61 

66 

71 

76 



iv Ergonomics and Muscu loskeletal Disorders 

Three-Dimensional Measures of Trunk Motion 
Components during Manual Material Handling in 
Industry (1989, pp. 662-666) 

William S. Marras , L . R. Sudhakar, 
and Steven A . Lavender 

1990 
Biomechanical Modeling of Asymmetric Lifting 
Tasks in Constrained Lifting Postures 
(1990,pp. 702- 706) 

Sean Gallagher, Christopher A. Hamrick , 
and Arnold C. Love 

Symmetric and Asymmetric Stoop-Lifting Strength 
(1990, pp . 762- 766) 

Shrawan Kumar 

The Effect of Rigid Container Shape on Maximum 
Acceptable Weight of Lift (1990, pp. 767- 770) 

Lee T. Ostrom, James L. Smith , and M. M. Ayoub 

1991 

Physiological Models and Guidelines for the 
Design of High-Frequency Shoulder Lifting Tasks 
(1991,pp.814-817) 

Shihab S. Asfour, M. Akcin, Mansour Tritar , 
and Ashraf M. Genaidy 

Determining Permissible Lifting Loads: An Approach 
(1991,pp.825 - 829) 

M. M.Ayoub 

The Effect of Confined Space on the Maximum 
Acceptable Weight of Lift ( 1991, pp. 804-808) 

Waldemar Karwowsk i and Hashim Alsabi 

A Three-Dimensional Motion Model and 
Validation of Loads on the Lumbar Spine 
(1991,pp. 795-799) 

William S. Marras , C. M. Sommerich , 
and K. P. Granata 

Low Back Disorders in Industry 
(1991, pp.830-833) 

Stover H. Snook 

81 

86 

91 

96 

100 

104 

109 

114 

119 

Note: The original proceedin gs year and page numbers are 
given for each pap er in par enth eses. 

1992 
Predicting the Maximum Acceptable Weight of Lift 
for an Asymmetrical Combination Task 
(1992,pp. 707-7 11) 

Tycho K. Fredericks, Jeffrey E. Fernandez, 
and Clarence C. Rodrigues 

123 

The Effects of Lifting Posture on Trunk Muscle 128 
Activity (1992, pp . 742- 746) 

Christopher A. Hamrick and Sean Gallagher 

Industrial Quantification of Occupationally Related 133 
Low Back Disorder Risk Factors (1992, pp. 757- 760) 

William S. Marras, Steven A. Lavender, 
Sue E. Leurgans , Sudhakar L. Rajulu, W Gary Allread , 
Fadi A. Fathallah , and Sue A. Ferguson 

Modelling the Stochastic Nature of Trunk 137 
Muscle Forces (1992, pp. 747-751) 

Gary A. Mirka and William S. Marras 

Some Ergonomic Considerations in the Design of 142 
Material Handling Devices (1992, pp. 644-648) 

Marc L. Resnick and Don B. Chaffin 

Effects of Gender , Lift Height, Direction, and Load 
on the Abilit y to Estimate Weight (1992, pp . 669-673) 

Valerie J. Ri ce, Marilyn A. Sha rp, 
Tania L. Williamson, and Bradley C. Nindl 

1993 
Determination of the Maximum Acceptable Weights 
of Lifting and Lowering Using the Direct Estimation 
Method (1993, pp . 735- 738) 

F Agha zadeh, Hong zheng Lu, and S. J. Morrisse y 

A Catastrophe Theory-Based Model for Quantification 
of Risk of Low Back Disorders at Work 
(1993, pp. 683-687) 

Waldemar Karwowski and William S. Marras 

Evaluation of Limiting Strength Constraints in a 
Comprehensive Biomechanical Model 
(1993,pp . 739- 743) 

Carter J. Kerk and Don B. Chaffin 

Maximum Lifting Capacity In Single And Mixed 
Gender Three -Person Teams (1993, pp. 725-729) 

Marilyn Sharp, Valerie Rice, Brad Nindl , 
and Tania Williamson 

147 

152 

156 

161 

166 

Can Biomechanically Determined Stress Be Perceived? 171 
(1993,pp. 789-792) 

Deborah D. Thompson and Don B. Chaffin 



Ergonomics and Musculoskeletal Disorders V 

1994 

Age Effects in Biomechanical Modeling of Static 175 
Lifting Strengths (1994, pp. 658-661) 

Don B. Chaffin, Charles B. Woolley, 
Trina Buhr, and Lois Verbrugge 

Postural Stability while Walking and Carrying Loads 179 
in Various Postures (1994, pp. 564-567) 

Mary Ann Holbein and Mark S. Redfern 

Relationships between the NIOSH (1991) Lifting 183 
Index, Compressive and Shear Forces on Tte Lumbosacral 
Joint, and Low Back Injury Incidence Rate Based on 
Industrial Field Study (1994, pp. 654-657) 

Waldemar Karwowski, Marenda Caldwell, 
and Paul Gaddie 

The Effects of Task Conditions on Trunk Muscular 187 
Fatigue during Dynamic Lifting (1994, pp. 649-653) 

Sang H. Kim, Min K. Chung, and Wook G. Lee 

An Investigation of the Variability in Human 
Performance during Manual Material Handling 
Activities (1994, pp. 578- 582) 

Gary A. Mirka and Ann Baker 

A Study of the Interaction between Load and Coupling 
during Lifting (1994, pp. 644-648) 

Gary A. Mirka, Ann Baker, Angela E. Harrison, 
Daniel P. Kelaher, and Joseph R. Davis 

1995 

192 

197 

A Biomechanical Assessment of Axial Twisting 202 
Exertions (1995, pp.600-604) 

Kevin P. Granata and William S. Marras 
Stability Limits in Extreme Postures: Effects of Load 207 
Positioning and Foot Placement (1995, pp. 655-659) 

Mary Ann Holbein and Don B. Chaffin 
Simulation of the 1991 Revised NIOSH Manual 212 
Lifting Equation (1995, 699-703) 

Waldemar Karwowski and Paul Gaddie 

The Effects of Lifting Frequency on the Dynamics 217 
of Lifting (1995, pp. 650-654) 

Gary A. Mirka and Daniel P. Kelaher 

Note : The original proceedings year and page numbers are 
given for each paper in parentheses . 

A Biomechanical Investigation of the Asymmetric 
Multiplier in the Revised NIOSH Lifting Equation 
(1995,pp. 709- 713) 

Maury A. Nussbaum, Don B. Chaffin, 
and George B. Page 

The Generalizability of Psychophysical Ratings in 
Predicting the Perception of Lifting Difficulty 
(1995,pp.679 - 683) 

Marc L. Resnick 

Prediction of Two-Person Team Lifting Capacity 
(1995, pp.645-649) 

Valerie J. Rice, Marilyn A. Sharp, 
Bradley C. Nindl, and Randall K. Bills 

Maximum Acceptable Load for Lifting and Carrying 
in Two-Person Teams (1995, pp. 640-644) 

Marilyn A. Sharp, Valerie J. Rice, 
Bradley C. Nindl, and Robert P. Mello 

1996 

222 

227 

232 

237 

The Effects of Box Differences and Employee Job 242 
Experience on Trunk Kinematics & Low Back Injury 
Risk during Depalletizing Operations (1996, pp. 651-655) 

W Gary Allread, William S. Marras, Kevin P. Granata , 
Kermit G. Davis, and Michael J. Jorgensen 

The Effect of Lifting versus Lowering on Spinal 247 
Loading (1996, pp. 599- 603) 

Kermit G. Davis 

The Role of Power in Predicting Lifting Capacity 252 
(1996,pp . 609-613) 

Patrick G. Dempsey and M. M. Ayoub 

Three-Dimensional Spinal Loading during Complex 257 
Lifting Tasks (1996, pp. 661- 665) 

Fadi A. Fathallah, William S. Marras , 
and Mohamad Parnianpour 

Three-Dimensional Functional Capacity of Normals 262 
and Low Back Pain Patients (1996, pp. 737- 741) 

Sue A. Ferguson, William S. Marras , 
and Robert R. Crowell 

Relation between Biomechanical Spinal Load Factors 267 
and Risk of Occupational Low-Back Disorders 
(1996, pp.656-660) 

Kevin P. Granata , William S. Marras, 
and Susan A. Ferguson 

Maximum Safe Weight of Lift: A New Paradigm for 272 
Setting Design Limits in Manual Lifting Tasks Based on 
the Psychophysical Approach (1996, pp. 614-618) 

Waldemar Karwowski 



vi Ergonomics and Musculosh:.e-,al lY,.;..:r;ic, 

Physical Training and Manual -Material Handling: 277 
Literature and Military Applications (1996, pp . 668- 672) 

Joseph J. Knapik 

Pulling on Slippery Versus Non-Slippery Surfaces: 282 
Can a Lifting Belt Help? (1996, pp. 604--608) 

Steven A. Lavender, Sang-Hsiung Chen, 
Yi-Chun Li, and Gunnar B. J. Andersson 

Note: The original proceedings year and page numbers are 
given for each paper in parentheses. 

The Eff.x-, of Bo x \Yeight, Size, and Handle Coupling 287 
on Spine Loadin g du.ring Depalletizing Operations 
(1996, pp . 646-6 - ) 

William S. _\forras. Kev in P. Granata, Kermit G. Davis, 
W Gary Allread. and Mike J. Jorgensen 

Author Index 

Subject Index 

293 

295 



Preface 

Injuries associated with manual materials handling (MMH) represent the single largest 
source of losses in many industries, including operations in the manufacturing, service, and 
distribution sectors. These problems have been researched for more than four decades to 
provide practitioners with solutions and interventions to stem the associated losses. 

This volume contains a selection of the best MMH research that was presented at the 
annual meetings of the Human Factors and Ergonomics Society between 1983 and 1996. The 
compilation includes both basic and applied research that can be used by practitioners seeking 
solutions to MMH problems or seeking insight into the risk factors associated with MMH, by 
academicians seeking a summary of the last several decades of MMH research, and by students 
interested in obtaining a fairly broad overview of research and practice in the area of MMH . 

Background and Scope of the Problem 
The field of industrial ergonomics, which focuses on achieving safety and productivity in 

the workplace, has grown tremendously in the past two decades. This growth has been spurred, 
in part, by growing awareness among those in government and industry that focusing on increased 
productivity without adequate concern for workers' safety and health and the lack of ergonomics 
considerations in jobs and tasks may result in injury, increased absenteeism, and reduced 
productivity. This trend continues to expand around the globe as the role of ergonomics in 
enhancing profitability reaches new audiences. 

One of the most important areas of research and application in industrial ergonomics is the 
prevention of work-related low back disorders (WRLB Ds) , particularly as related to manual 
materials handling (which encompasses lifting , lowering, pushing, pulling, carrying, and 
holding). A significant proportion of WRLBDs is attributed to MMH. Despite increased 
automation in the workplace, many jobs still require workers to manually handle materials. 
Considerable research efforts have addressed the responses of the human body to MMH, 
including acute responses such as energy consumption and tissue stresses, as well as injuries 
resulting from longer-term exposures to physically demanding tasks. The papers in this 
collection represent an excellent overview of the research conducted in the past 15 years. 

WRLBDs are a major source of economic loss to employers, compensation carriers, and 
society in general. These losses explain why the research directed toward prevention of injuries 
associated with manual materials handling in industry has been one of the most active areas in 
the industrial ergonomics field. In 1980, about one million workers suffe red WRLBDs in the 
United States, and these disorders accounted for almost one-fifth of workplace injuries and 
illnesses. For eight states providing workers' compensation payment data, almost one-fourt h of 
the expenditures were for injuries to the low back (Bureau of Labor Statistics, 1982). Similarly, 
Webster and Snook (1994) found that disabling low-back pain cases represented 33% of the 
costs associated with a large sample of workers' compensation claims costs. 

Low back disorders incur costs in the areas of medical care, lost wages, and indirect costs 
(such as training new workers and production losses; see Snook, 1987). Based on 1980 data 
from Liberty Mutual Insurance Company, Andersson, Pope, Frymoyer and Snook (1991) 
estimated that annual workers' compensation costs for WRLBDs in the United States were 
$4.6 billion for the year 1980. More recently, Webster and Snook (1994) estimated that total 
annual workers' compensation costs (medical and indemnity) in the United States totaled $11.4 
billion, an estimate derived from Liberty Mutual's 1989 experiences. According to Andersson 
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et al. (1991), the total estimated costs (direct plus indirect expenses) for WRLBDs in U.S. 
industry in 1988 were between $26.8 and $56 billion. 

A recent antecedent-oriented analysis of a large sample of work-related injury and illness 
workers' compensation claims indicated that claims attributed to manual materials handling 
accounted for 32% of the claims and 36% of the costs (Murphy, Sorock, Courtney, Webster, & 
Leamon, 1996). MMH claims were the single largest source of claims; the next-largest source 
of claims (slips and falls-same level) accounted for 15% of the costs. This illustrates that the 
losses associated with MMH far outweigh any other source of injury in the workplace. 

MMH Research 
Manual materials handling research has been performed by individuals with diverse 

backgrounds, ranging from orthopedic surgery to industrial engineering. The papers presented 
at HFES annual meetings have a strong engineering influence, as is illustrated by the papers in 
this collection. 

The design of MMH tasks typically focuses on ergonomics, job placement, training, or 
a combinat ion of two or all three approaches. The primary focus should be on permanently 
reducing the risk of injury through task and workplace design (ergonomics), and supplemented 
with job placement and/or training when necessary. Strong support for training as an effective 
means of reducing injuries is lacking, however (Kroemer, 1991 ). This position is reflected here; 
the majority of papers focus on the influence of task and workplace design on the biomechanical, 
physiological, and psychophysical responses of the human body. A secondary focus on job 
placement is also evident. 

Not only have the results of research expanded our knowledge, but technology has 
expanded the possibilities for research and application. For examp le , the direct measurement 
of oxygen consumption was once confined to the laboratory. There are now devices that allow 
for an almost unobtrusiv e measurement of oxygen consumption as workers perform their 
tasks. Likewi se, faster compu ters permit timely processing of biomechanical data, which 
enables the development of more complex and more anatomically correct biomechanical 
models. 

Researchers have advanced considerably in their ability to model the biomechanical 
stresses the human body undergoes while performing manual materials handling tasks. Static 
two-dimensional planar biomechanical analyses were once the norm; today a number of three-
dimensional analysis techniques are available which incorporate dynamic stresses as well as 
accommodate MMH activities not occurring in the sagittal plane. Factors such as the advancement 
of motion analys is technology and a better understanding of electromyographic responses of 
the body have resulted in more detailed and representative analyses. 

Significant advances have also been made in the understanding of the physiological and 
psychophysica l respon ses to different task designs. There are extensive psychophysical data 
for assessing a variety of MMH tasks. There is also an increased understanding of how the 
physiological and psychophysical approac hes may conflict. Such conflicts may present 
problems to practitioners , but they also serve to increase our understanding of the varied 
approaches. 

The National Institute for Occupational Safety and Health (N10SH ) designed an equation 
to assess manual two-handed lifting in the sagittal plane (NIOSH, 1981 ). The 1991 revised 
equation (Waters, Putz-Ander son, Garg, & Fine , 1993) accorrunodates lifting and lowering 
activities not performed in the sagittal plane; in addition, it accounts for tasks performed with 
less-than-optimal hand-to-object coupling . These equations have motivated considerable 
research activities, and this trend is likely to continue in the future. 
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Some of the greatest expansion in the area of the prevention of WRLBDs in the past 15 
years has occurred in the area of epidemiology . The reality of economic losses has driven 
an interest in the determinants of musculoskeletal disorders among occupational populations. 
Although acute responses of the body to work measured in the laboratory provide a wealth 
of information, the value of epidemiological studies relating workplace exposures to injury 
outcomes cannot be understated. This trend is sure to continue as researchers seek valid control 
measures to reduce economic losses in the workplace. 

Content and Use of This Collection 
This collection contains 61 papers representing basic and applied MMH research and 

provides an overview of both the theory and practice of MMH from an ergonomics perspective. 
The collection shows a strong biomechanics influence, followed by psychophysics and physiology. 
The majority of the papers focus on the ergonomic approach of fitting jobs to the workforce, 
with preplacement strength and capacity testing a distant second. Unfortunately, investigations 
of the determinants of musculoskeletal disorders associated with MMH have been too few, so 
epidemiological studies are underrepresented here. 

There are a number of sources of published work on manual materials handling Uoumals 
containing archival material, conference proceedings representing current work, and, recently, 
Internet sites focusing on ongoing work). However, the Proceedings of the Human Factors and 
Ergonomics Society Annual Meeting represent the best basic and applied research in the field. 
This selection provides a consolidated source of papers that make the material more accessible 
for those who cannot regularly attend the HFES Annual Meeting, cannot afford to purchase 
multiple volumes of proceedings, or cannot access the proceedings in libraries. In addition, the 
quality and brevity of these papers make them excellent teaching tools for undergraduate and 
graduate students and for new researchers in the area of MMH. 

More important, the variety of perspectives represented by the papers in this compilation 
will provide practitioners with methods and results that can be applied in numerous 
workplaces. 

Paper Selection Procedure 
We used a multistage paper selection process that included peer review. First, using liberal 

selection criteria, we identified 120 relevant papers from the HFES annual meeting proceedings 
from the years 1982 to 1996. A 15-year span was judged appropriate based on the length 
constraints for this book. 

We sent the selected papers to three referees , primarily HFES members affiliated with the 
Society's Industrial Ergonomics Technical Group. The referees were asked to rate papers by 
considering the quality of the work, the current usefulness of the work, whether or not the 
work was dated, and the focus on manual materials handling. We asked the reviewers to 
provide an overall rating of the paper between -3 (very poor quality; must not be included) and 
+3 (extremely high quality; must be included) , as well as a justification for the rating. After 
we received the reviews, we combined the ratings into a single metric (average rating) for 
each paper. Papers that received an average rating of+ 1 or higher were selected for inclusion. 
(The editors neither reviewed nor selected papers of which they were primary author or 
coauthor.) 
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